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Description 



ARMATURE OF ROTARY ELECTRICAL 

APPARATUS 

Background of Invention 

[0001] This invention relates to a rotating electrical machine and 
more particularly to an improved armature construction 
for such machines. 

[0002] As is well known, most armatures for rotating electrical 

machines be they either motors or generators consist of a 
core made of a ferromagnetic material and generally lami- 
nated in construction. The core defines a plurality of radi- 
ally extending pole teeth around which electrical coils are 
wound. Generally these windings surround an insulating 
bobbin arrangement. In addition the armature includes a 
wiring base to which the ends of the coil windings ate at- 
tached to provide the external electrical connection for 
the machine. Thus there are a number of separate com- 
ponents that must be fixed together. 

[0003] | n addition to the establishment of the connection of the 



various elements it also is important to insure their cor- 
rect axial, radial and circumferential relationship. United 
States Letters Patent 6,566,779, issued May 20, 2003 and 
assigned to the assignee hereof and Japanese Published 
Application, publication number 2002-58228, which rep- 
resents an improvement in the structure shown in that 
patent and its Japanese priority application, illustrate a 
construction in which a wiring base of a three layer con- 
stitution placed on the axial end of the armature of a ro- 
tary electric machine. Like the other and above described 
prior art, the armature comprises a laminated core com- 
prised of a circular portion from which a plurality of mag- 
netic pole teeth extend radially. A two part bobbin made 
of insulating resin attached to the core and has portions 
that encircle each of the magnetic pole teeth. 
[0004] | n accordance with that patent and the published Japanese 
application, the bobbin is provided with a stopper for at- 
taching the wiring base. The stopper is made of a metallic 
plate that projects outward from the bobbin and is bent 
toward the wiring base to form an L shape. The wiring 
base comprised of three layers for three phases of U, V, 
and W and is of an annular shape. It also has a plurality of 
engaging holes arranged in a circular row near its periph- 



ery that receive the stopper. Parts of the stoppers project 
out of the engaging hole. The wiring base is fixed to the 
remainder of the armature by depositing a solder mass on 
the projecting ends of the stopper. 

[0005] Although effective, this attachment method is labor inten- 
sive. In addition, the shape, dimension and axial, circum- 
ferential and radial positioning may vary unacceptably. 

[0006] it is therefore a principal object of this invention to pro- 
vide an improved armature structure. 

[0007] it j S a further object of this invention to provide an im- 
proved attachment method for the wiring base that is 

simpler, less labor intensive and more accurate. 
Summary of Invention 

[0008] jhis invention is adapted to be embodied in an armature 
construction for a rotating electrical machine comprised 
of a core consisting of a plurality of laminated plates hav- 
ing a circular member from which a plurality of pole teeth 
radially extend A pair of insulators are positioned on op- 
posite axial sides of the core and having tooth engaging 
portions encircling the pole teeth to receive coil windings. 
A wiring base is positioned on one axial side of one of the 
insulators. The wiring base is made from an insulating 
material and is adapted to receive the wire ends of the coil 



windings. Interconnecting members are formed on the 
one insulator and the wiring base for connecting the 
wiring base in a predetermined axial, radial and circum- 
ferential position 
Brief Description of Drawings 

[0009] FIG. 1 is an exploded, perspective view of an armature 

constructed in accordance with the invention. 
[0010] FIG. 2 is an enlarged perspective view of the wiring base. 

[001 1] FIG. 3 is a further enlarged view of the area encompassed 
by the circle 3 in FIG. 2. 

[0012] FIG. 4 is a further enlarged view of the area encompassed 
by the circle 4 in FIG. 2. 

[0013] FIG. 5 is an enlarged perspective view of one of the bob- 
bin halves. 

[0014] FIG. 6 is a further enlarged view of the area encompassed 

by the circle 6 in FIG. 5. 
[0015] FIG. 7 is a side elevational view of the wiring base. 

[0016] FIG. 8 is an elevational view of the wiring base showing 

the side opposite that shown in FIG. 7. 
[0017] FIG. 9 is a cross sectional view of the wiring base. 

[0018] FIG. 10 is an enlarged view looking in the direction of the 
arrow 10 in FIG. 9 and showing the attachment hook. 



[0019] FIG. 11 is a cross sectional view of the hook. 

[0020] FIG. 12 is an enlarged view showing one of the terminal 
ends. 

[0021] FIG. 13 is a view looking in the direction of the arrow 13 
in FIG. 12. 

[0022] FIG. 14 is a view looking in the direction of the arrow 14 
in FIG. 12. 

[0023] FIG. 15 is a side elevational view of one of the bobbin 
halves. 

[0024] FIG. 16 is a side elevational view of the other side of the 

one of the bobbin halves. 
[0025] FIG. 17 is an enlarged side view of the portion of the one 

bobbin halve showing the attachment portion thereof. 
[0026] FIG. 18 is an enlarged cross sectional view taken along the 

line 18-18 in FIG. 17. 
[0027] FIG. 19 is a side elevational view of the wound armature. 

[0028] FIG. 20 is a cross sectional view of the wound armature 

and attached circuit board molded into a case for an elec- 
trical machine. 

[0029] FIG. 21 is an end elevational view of the molded case. 

[0030] FIG. 22 is a cross sectional view of a completed machine 
embodying the invention. 



[0031] FIG. 23 is an end elevational view of the machine. 
[0032] FIG. 24 is a view showing the machine wiring. 
[0033] FIG. 25 is a wiring diagram of the machine. 
Detailed Description 

[0034] Referring now in detail to the drawings and initially to FIG. 
1, the reference numeral 31 indicates generally an arma- 
ture of a rotary electric machine embodying to this inven- 
tion. As illustrated the armature 3 lis specifically utilized 
as an armature for a 3-phase motor, although those 
skilled in the art will readily understand that it can be uti- 
lized with other types of motors or generators. It is com- 
prised of a wound core, indicated generally at 32, and a 
wiring base 33acting as a coil end circuit fixed in a man- 
ner to be described to one axial end (top end side in the 
FIG. 1) of the wound core32. 

[0035] The wound core32 is comprised of a core yoke, indicated 
generally at34, made as a body of laminated thin plates, 
upper and lower bobbin half insulators 35, and coils 36 
(See FIG. 19) wound on the wound core yoke 34around the 
insulators 35. The core yoke 34has a ring shape portion, 
indicated at 37, from which in this embodiment, extend 
radially inwardly a plurality of circumferentially spaced 



magnetic pole teeth 38 so as to surround the periphery of 
a rotor 36 (FIGS. 22 and 23). 

[0036] slots 39 are formed between adjacent magnetic pole teeth 
38. The faces of the insulators 35 are integrally formed 
with insertion lugs 41 of the same number as the slots 
39so that when the ring-like insulator 35 are inserted up- 
ward and downward into the slots 39 both insulators 35 
are circumferentially secured and held to the core yoke 34 
in the desired circumferential relation. As will be de- 
scribed later again, coil wire is wound up and down over 
the insulators 35 through the slots 39 located on both 
sides of each magnetic pole tooth 38, so that plural coils 
36 (FIG. 19) are arranged in a circular row. 

[0037] The wiring base 33 is attached to the top surface of the 

wound core32, in a manner to be described, and is shown 
best in FIGS. 2-4. The wiring base 33 is of a three layer 
construction made up of ring-like, phase-specific termi- 
nal members 42 (See FIG. 9) corresponding to three 
phases of U, V, and W placed one over another in the axial 
direction and insulated from each other. The phase-spe- 
cific terminal members 42 are made into a single body by 
insert mold forming with a resin material. As shown in 
FIG. 2, the wiring base 33 is of a ring shape (C shape) 



made as a single body with a molded resin 43. 

[0038] Each phase-specific terminal member 42 has plural termi- 
nal lugs 44 projecting radially outward for connecting a 
winding head or winding tail of each winding end portion 
33 of the coil 36 of each phase. The terminal lug 44 has 
its tip bent as shown in the enlarged view FIG. 4 so that a 
worker can easily tie and hold the winding end portion 
around the terminal lug 44 when the coil winding end is 
to be connected. Continuing to refer to FIG. 4 and as will 
be described in more detail later, the reference numeral 
45 denotes for a soldering-purpose bend for clinching 
and soldering the winding end, and a bend 46 for retain- 
ing the winding end from coming off. 

[0039] Each phase-specific terminal member 42 also has an inte- 
grally formed external connection terminal 47 corre- 
sponding to each of the three phases of U, V, and W. As 
shown in FIG. 2, the external connection terminal 47 is 
formed to project from axially one side face of the wiring 
base 33 toward the opposite side of the wound core32 by 
bending part of the phase-specific terminal member or by 
initially punch-raising from the main part of the member 
when it is formed. 

[0040] The periphery of the wiring base 33 has integrally formed 



plural (two at diametrically opposite positions in the ex- 
ample illustrated) hooks 48 serving as secure-holding 
means to properly position the wiring base 33 relative to 
the insulator 35when fitted into the wound core32 and to 
secure the wiring base 33 to the wound core32. The 
shape of the hooks is best shown in the perspective view 
FIG. 3. As seen there the hook 48 is formed in a triangular 
shape, projecting down from the end face of the wiring 
base 33 to be elastically, radially deformable. The tip of 
the hook 48 is formed with a barb49that projects radially 
inward. 

[0041] The configuration and construction of the insulator 35to 
accommodate and make the connection to the wiring base 
33will now be described with reference primarily to FIGS. 
5 and 6. The insulator 35 is formed like the core yoke 34 
in a ring shape. Formed on its axial periphery are a plural- 
ity of winding receivers, indicated generally at51 in the 
same number (18) as the pole teeth 36 for engage-stop- 
ping the coil winding end. Each winding receiver 51 is 
formed with a cut 52 through which the winding end of 
the coil is led radially outwardly of the insulator 35. 

[0042] The insulator 35 is also formed integrally with plural 

winding portions 53that extend radially inward from the 



winding receivers 51. The winding portions 53 are aligned 
with the magnetic pole teeth 38 (FIG. 1) of the core yoke 
34 by the pole teeth 38 being fitted into recesses 54 
formed on the side of the insulator 35 adjacent the core 
yoke which embrace the pole teeth 38. The slots 39are 
formed between adjacent winding portions 53. The afore- 
mentioned insertion lugs 41 are formed under the wind- 
ing portions 53 in the area between them. Each winding 
portion53 has on its radially inner side a curved flange 55 
for supporting and retaining the inside of each coil. 
[0043] The winding of the coil 36 is retained at one end by the 
inside round portion of the flange 55. Incidentally, the 
winding comprises the part of the coil 36, formed by 
winding a wire passing through the slot 39 (FIG. 1) up and 
down around the magnetic pole tooth 38. The coil wind- 
ing is held and supported between the flange 55 formed 
on the inside round surface side of both the upper and 
lower insulators 35 and the winding receiver 51. An annu- 
lar projection 56 (FIG. 2) on the underside of the wiring 
base 33 is engaged with a back surface 55a of the flange 
55 supporting the coil end. In this way, the insulators 35 
and the wiring base 33 are held in the same radial posi- 
tion. 



[0044] The round periphery of the insulator 35 is further formed 
integrally with a plurality of circumferentially spaced hook 
receivers 57equal in number and spacing to the number 
and spacing of the hooks 48 for receiving the hooks 48 of 
the wiring base 33. Thus in this embodiment the hook re- 
ceivers 57 are diametrically positioned. 

[0045] These hook receivers 5 7are shown best in FIG. 6. The hook 
receivers 5 7are formed like the winding receiver 51 to 
project upward from the end face of the insulator 35. The 
hook receivers have a round periphery side formed with a 
recess 58to receive the hook 48. The recess 58 is triangu- 
lar so as to be generally complementary to the hook 48. 
The end of the recess 58is formed with a projection 59 for 
engaging with the barb49 formed at the tip of the hook 
48. The hook receiver 57 is also provided with a cut 61, 
next to the recess 58, for passing the wiring end of the 
coil 36. Each hook 48 is capable of elastically bending 
about a center specifically the connection point between 
the hook 48 and the main part of the molded resin 43. 
When the hook 48 engages with the hook receiver 57, the 
tip of the hook 48 slightly deflects radially outward and 
then the barb49 snap-engages with the projection 59 of 
the hook receiver 57. 



[0046] Referring now to FIGS. 7 and 8, these show respectively 

the outer and inner faces of the wiring base 33. As seen in 
these figures, the terminal lugs 44 are formed to project 
radially outward from and spaced along the round periph- 
ery of the molded resin 43of the wiring base. The three 
external connection terminals 47 project from positions 
different in both radial and circumferential locations on 
the wiring base 33. 

[0047] The inside round surface of the molded resin 43 is pro- 
vided with plural, circumferentially spaced axial grooves 
62. These grooves 62 are recesses, formed by projections 
formed on the side of a metallic mold, for radially posi- 
tioning (centering) all the ring-like phase-specific termi- 
nal members 42as seen in FIG. 6 positioned at three dif- 
ferent levels. The molded resin 43 is provided with an 
opening63 to clear a magnetic pole position detector64 
(FIG. 23) made up of a Hall element and others compo- 
nents for detecting the rotary position of a cooperating 
rotor. 

[0048] As previously mentioned and as best seen in FIGS. 2 and 
8, an annular (C shape in this embodiment) projection 56 
is formed along the inside round surface of the underside 
of the wiring base 33. The annular projection 56 is for lo- 



eating the wiring base 33 and the insulators 35 on a com- 
mon axis as the annular projection 56 fits in tight contact 
with the back surface 55a (radially outer side) of each 
flange 55 while the hook 48 engages with the hook re- 
ceiver 57 at the time of attaching the wiring base 33 to 
the insulators 35 which are integral with the wound 
core32. 

[0049] Referring now to FIG. 6 the three ring-like, phase-specific 
terminal members 42 are embedded in the molded resin 
43, at three levels in the axial direction, corresponding to 
the three phases of U, V, and W, in the wiring base 33. As 
shown, part of the topmost phase-specific terminal mem- 
ber 42 bends upward and projects out of the molded resin 
43 to serve as the external connection terminal 47. Al- 
though not shown, parts of other phase-specific terminal 
members 42 also bend likewise to serve as the rest of the 
external connection terminals 47. Incidentally, the termi- 
nal lugs 44 are not shown in this figure. 

[0050] FIGS. 12-14 show the appearance of the terminal lug 44 
projecting on the periphery of the wiring base 33. As is 
clear from these views and FIG. 4, the terminal lug 44 is 
made by punching a metallic sheet followed by bending, 
with its tip having the two bends 45 and 46. The bend 45 



is formed by bending back in a V shape to serve as a sol- 
dering terminal for clinching and fusing the coil winding 
end portion, indicated as 65. The other bend 46 is made 
by bending an end portion upright to serve as a holding 
lug for preventing the winding end portion 65 clinched 
with the fusing terminal (bend 45) from coming off the V- 
shape opening of the bend 45. In this way, a worker, be- 
fore connecting the winding end portion to the terminal 
lug 44, can easily engage-stop the winding end portion 
with the terminal lug 44 by twining the winding end por- 
tion around the bend 45. In other words, the winding end 
portion 65, in reference to FIG. 12, at first in the state of 
projecting on the unseen side of the terminal lug 44, is 
then pulled up (as seen in the figure), passed through a 
recess 66 of the molded resin 43 and taken up to the visi- 
ble side of the terminal lug 44, routed around through the 
gap between the molded resin 42 and the bend 45 toward 
the V opening, drawn deep into the V space and out to be 
caught with the top end side of the holding bend 46as 
seen in FIG. 13). The winding end portion is applied with 
soldering in the state of being clinched and held with the 
soldering bend45, so that the winding end 65 is joined to 
the terminal lug 44. 



[0051] Referring now to FIGS. 15 and 16, FIG. 15 shows that the 
winding portions 53(18 in the illustrated embodiment) are 
equally circumferentially spaced. It also shows that inser- 
tion lugs 41 are formed on the reverse side of the insula- 
tor 35 in a circumferential alignment with the slots 39 
formed among the winding portions 53. It also shows, as 
described before, that the two hook receivers 57 are dia- 
metrically spaced. 

[0052] FIGS. 17 and 18 also shows the hook receiver 57 portion 
of the insulator 35, enlarged. As shown in FIG. 17, the 
outside wall bottom edge 67 of the insertion lug 41 is 
slightly tapered from the horizontal. In this way, the in- 
sertion lug 41 is shaped to project in one direction 
(downward in FIG. 17) from the end face of the insulator, 
with a corner 68 serving as a leading tip, so as to be easily 
inserted into the slot 39 of the core yoke 34. 

[0053] As seen in FIG. 18, the hook receiver 57 of the insulator 
35 has the projection 59 for engage-stopping the barb49 
of the hook 48. The projection 59 is formed in the shape 
of wedge or triangle in cross section so as to stop the ax- 
ial movement of the wiring base 33 and prevent it from 
coming off the insulator 35 once the projection 59 en- 
gages with the hook 48 of the wiring base 33. 



[0054] a s described above, this embodiment is arranged that, 
when the wiring base 33 is fitted to the insulators 35 to 
make a unitary body, the wiring base33 is axially posi- 
tioned automatically relative to the insulators 35 as the 
hooks 48 are fitted to the two hook receivers 57, and the 
wiring base 33 is also positioned automatically in the cir- 
cumferential direction. Moreover, because of the presence 
of the hooks 48 and the hook receivers 57, axial align- 
ment (centering) of the both components is accomplished 
at the same time, so that the wiring base 33 is automati- 
cally positioned also in the radial direction relative to the 
insulators 35. The radial positioning is effected as de- 
scribed above mainly by fitting the annular projection 56 
(FIG. 2) provided on the underside of the wiring base 33 
onto the back surface 55a of the inside round surface 
flange 55 of the insulator35. In this way, providing both of 
the insulator 35 and the wiring base 33 respectively with 
the hook 48 and the hook receiver 57 facilitates the posi- 
tioning work which has so far been complicated, and im- 
proves its accuracy without requiring other positioning 
jigs. 

[0055] Referring now to FIG. 19, this shows the wiring base 33 
attached to the wound core32. As seen from the figure, 



the coils 36 are wound on the 18 magnetic pole teeth 38 
of the wound core32. These coils 36 are interconnected 
through the wiring base 33 which serves as the coil end 
circuit mentioned before. Crossover lines 69 interconnect 
the desired coils 36 without the intervention of the termi- 
nal lugs 44 of the wiring base 33. Thus, coils are inter- 
connected as will be described later by reference to FIGS. 
24 and 25. 

[0056] How the aforedescribed assembly can be incorporated 

into a rotating electrical machine such as an electric motor 
will now be described by reference to FIGS. 20-24. Refer- 
ring first to FIGS. 20 and 21, the wiring base 33and con- 
nected wound core32 are made into a single body using a 
molded resin 71 to form a single body motor case, indi- 
cated generally at 72. To carry out this mold forming, the 
wound core32 together with the wiring base 33 are placed 
in a mold (not shown). As resin material is poured into the 
mold cavity, the single body, the motor case 72 including 
the wound core, is formed. The motor case 72 formed in 
the mold as described above has three external connec- 
tion terminals 47 projecting from its underside as seen in 
FIG. 21. 

[0057] Screw receivers73 are for attaching the motor end plate 



which is not shown. Also projections 74 are provided on 
the sides of the opening 63 as aforenoted for attaching a 
magnetic pole position detecting base 75shown in FIG. 
23. 

[0058] Referring now to FIGS. 22 and 23, these show a rotor unit 
76 is fitted in the motor case 72. The rotor unit 76 is in- 
stalled in the motor case 72 with a rotor shaft 77 as the 
motor output shaft projecting from the motor case 72. 
The magnetic pole position detecting base 75has 
mounted on it a Hall element 76 for detecting rotary mag- 
netic pole position of the rotor unit 76. Finally permanent 
magnets 78 are attached to the outer surface of the rotor 
unit 76. 

[0059] Referring now to the wiring diagram of the armature 31 in 
FIG. 24the showing winding head and winding tail of the 
coils of the phases U, V, and W. A winding end 65 of a 
specific coil is connected to the terminal lug 44 of the 
wiring base 33. The winding ends of the coils connected 
to the respective terminal lugs 44 are connected through 
the phase-specific terminal members 42 embedded in 
three layers in the wiring base 33. 

[0060] FIG. 25 is a simplified view of the circuit of the connecting 
construction shown in FIG. 24. This embodiment shows a 



three-coil-series, two-parallel connection, with each 
phase formed with six coils, with two coil sets in parallel, 
each set having three coils in series. The phases U, V, and 
W shown in the figure are connected to the external con- 
nection terminals 47 of the wiring base 33. 
[0061] Thus it should be apparent from the foregoing description 
that providing the means for defining the position of the 
wiring base in the axial, radial, and circumferential direc- 
tions relative to the insulator of the wound core to which 
the wiring base is fitted makes it possible to attach and 
secure the wiring base to the wound core through the in- 
sulator while accomplishing proper positional relationship 
between the wiring base and the insulator without using 
an auxiliary equipment such as a positioning jig. Of 
course those skilled in the art will readily understand that 
the described embodiment is only exemplary of form that 
the invention may take and that various changes and 
modifications may be made without departing from the 
spirit and scope of the invention, as defined by the ap- 
pended claims. 



